growth of ducksalad (Dilday et al., 1994), which is a major weed in the southern USA and causes a 21% (Olofsdotter and Navarez, 1996). media at the four-to seven-leaf stages (Fujii, 1992) . Aqueous extracts of decomposing rice residues in soil inhibited the root growth of rice and lettuce seedlings (Chou and Lin, 1976) . Six phenolic acids (p-salicyclic, A llelopathic plants release compounds into the p-coumaric, vannilic, syringic, ferulic, and mandelic environment through root exudation, leaching by acid) were isolated from decomposing rice straw and dews and rains, and volatilization or decaying plant tispaddy soil (Chou, 1980) . A total of 16 potential allelosue (Rice, 1984) . In most cases, the compounds inhibit chemicals, including the above-mentioned compounds, the germination or growth of neighboring plants alhave been found in rice (Olofsdotter et al., 1995) . Allelothough sometimes the compounds stimulate their chemicals, which are completely responsible for varietal growth.
A llelopathic plants release compounds into the p-coumaric, vannilic, syringic, ferulic, and mandelic environment through root exudation, leaching by acid) were isolated from decomposing rice straw and dews and rains, and volatilization or decaying plant tispaddy soil (Chou, 1980) . A total of 16 potential allelosue (Rice, 1984) . In most cases, the compounds inhibit chemicals, including the above-mentioned compounds, the germination or growth of neighboring plants alhave been found in rice (Olofsdotter et al., 1995) . Allelothough sometimes the compounds stimulate their chemicals, which are completely responsible for varietal growth.
differences in the allelopathic effect of rice observed in Allelopathy in crops may act as a biological weed field or laboratory experiments, have not been identicontrol in the agroecosystem. The genetic improvement fied. The utilization of allelopathy might be straight of the allelopathic effect in crops is a strategy for biologiforward if allelopathic cultivars can be identified by cal weed control in breeding programs. In the 1970s, the amount of allelochemicals, but this seems difficult. germplasm assessment was extensively undertaken to Genes for an allelopathic effect or production of allelodetect allelopathic accessions of crops. Accessions with chemicals have not been detected although quantitative an allelopathic effect have been found in crops such as trait loci (QTL) for an allelopathic effect against barnbeet (Beta vulgaris L.), lupine (Lupinus lutens L.), maize yardgrass were reported (Bach Jensen et al., 1999) . A (Zea mays L.), wheat (Triticum aestivum L.), oat (Avena successful breeding strategy to incorporate allelopathic sativa L.), pea (Pisum sativum L.), barley (Hordeum activity into advanced cultivars would include a largevulgare L.), rye (Secale cereale L.), and cucumber (Cuscale evaluation of a broad array of germplasm, the cumis sativus L.) reviewed by Rice (1984) . A total of identification of allelochemicals, and the mapping of 538 accessions of cultivated and wild cucumber were genes on the chromosomes. screened by the pot and field test, and several accessions
In genetic analysis for rice allelopathy to ducksalad, inhibited the growth of weeds (Putnam and Duke, 1974) .
we first focused on bioassay improvement using a water Out of more than 3000 assessions of oat, several were soluble extract because it should be more simple and found with a fluorescent microscope to exude a large reproducible. This study aims to establish an improved amount of an allelochemical, scopoletin (Fay and bioassay using a water soluble extract to quantify genetic Duke, 1977 
Bioassay with Lettuce
in the USA. These two cultivars were used to investigate
To evaluate the allelopathic effect of water soluble extracts, which parts and stages of rice plants are the most suppressive 50 seeds of the lettuce cultivar 'Great Lakes 366' were placed against lettuce.
on filter paper in a petri dish. Three milliliters of the crude To determine more definitely the most suppressive parts extract or sterilized distilled water, as a control, was applied of rice plants, 10 cultivars ('Dular', 'Koshihikari', 'Masrai', to the lettuce seeds. The petri dishes were sealed and incubated 'Muha', 'Musashikogane', 'Nepal no.1', 'Nepal no.18', 'North at 25ЊC in the dark for 3 d. The number of germinating seeds Rose', Taichung 65, and TN 1) were chosen according to was recorded, and the length of the roots and hypocotyls of previous studies (Dilday et al., 1994; Fujii, 1992;  Olofsdotter 10 randomly selected germinating seeds was measured. Five and Navarez, 1996) . The USDA-ARS Genetic Resources Inreplications were done for each extract. The data were procformation Network (GRIN) database indicates that PI312777, essed using the GLM procedure of the SAS (SAS Inst., 1992). TN1, and Masrai were allelopathic to ducksalad in the field and that Rexmont, Taichung 65, Koshihikari, Dular, Muha, and North Rose were nonallelopathic. Nepal no.18 and Musa-
Bioassay with Ducksalad
shikogane were allelopathic to lettuce and Nepal no.1 was Two hundred fifty milliliters of 1% agar was pored into a nonallelopathic with the plant box method described above 7-by-7-by-7-cm plastic box. Fifty seeds of ducksalad were (Fujii, 1992) . Musashikogane and TN1 were allelopathic to seeded on the agar, and a mixture of 20 mL of crude extracts barnyardgrass (Olofsdotter and Navarez, 1996) .
were applied with 20 mL of sterilized distilled water or 40 mL PI312777, its parental cultivars (TN1 and Taichung 65), of sterilized distilled water as control. The surface of the agar and Rexmont were also used to investigate the relationship medium was covered with water that was about 1 cm deep. between the allelopathic effect of a water soluble extract on
The seeds were incubated at 30ЊC in the light for 7 d. The lettuce and ducksalad.
number of germinating seeds was recorded, and the lengths Using the results from previous studies, a total of 100 cultiof the roots and shoots of 10 randomly selected germinating vars from the germplasm collections in Japan were evaluated seeds were measured. Because the crude extracts were too for their allelopathic effect. Some accessions that were already toxic against ducksalad to detect the difference between examined for allelopathic activity by other methods were in-PI312777 and Rexmont, they were diluted with the same volcluded as references.
ume of sterilized distilled water. Three replications were done for each accession. extracts. The germination rate of lettuce was 87.1 Ϯ Fresh samples were stored at Ϫ80ЊC and then freeze-dried.
6.21% with the extract of PI312777 and 86.5 Ϯ 6.04%
The samples were ground to a powder in a mortar and stirred with Rexmont, so no significant difference was observed in cold, sterilized distilled water. Ten milliliters of water per between two rice cultivars. The effects on lettuce hypogram of fresh sample was added to the samples. The mixture cotyl elongation was variable among replications.
was kept in a refrigerator for 2 h and then stirred on a rotary All extracts showed an inhibitory effect on the root shaker for 1 h and centrifuged at 1500 rotations min. Ϫ1 for 15 elongation of lettuce (Fig. 1) . However, the extracts that min. The supernatant was recovered and stored in a refrigerator until it was used as a crude water-soluble extract.
were isolated from different tissues and growth stages of PI312777 showed different degrees of an inhibitory applying leaf, stem, and root extracts from plants at the six-leaf stage. PI312777 and Rexmont were mainly used. effect on lettuce (Fig. 1) . Leaf extract from rice plants at the six-leaf stage inhibited the lettuce root growth
The germination rate of ducksalad was 89.4 Ϯ 3.47% with PI312777 extracts and 81.2 Ϯ 7.42% with Rexmont more than the extracts from other tissues and stages. The extracts caused necrosis in the tip of lettuce roots, extracts. The root length of ducksalad treated by the extract of PI312777 differed when treated by that of and most of seeds with necrotic root tips could not develop a normal hypocotyl. The suppressive effects of Rexmont, reflecting differences in the allelopathic effect between the two cultivars in the field. The extracts afthe extracts from the plants during the grain filling period were low. The stem and root extracts were less fected the shoot elongation of ducksalad, but this did not reflect the effect in the field. The suppressive effect effective compared with the leaf extracts. The extracts of Rexmont showed small age specificity and tissue specof water soluble extracts from seedlings at the six-leaf stage on ducksalad root is shown in Fig. 3 . The leaf and ificity on lettuce growth compared with PI312777 (Fig. 1) .
stem extracts inhibited the root length of ducksalad. The full-strength solution of the leaf extract from both The suppressive effects of 10 rice cultivars were investigated using extracts from different tissues (Fig. 2) . The cultivars was too toxic to detect varietal differences in the suppressive effect on ducksalad. When the extracts results showed that the stem and root extracts were less inhibitory than the leaf extracts. The leaf extracts from were diluted, the difference between PI312777 and Rexmont was clearly observed. cultivars previously reported as allelopathic had the largest inhibitory effect.
A correlation of the inhibitory effect of the leaf exThe relationship between the inhibitory effect of the extract to lettuce and ducksalad was investigated by tract from four cultivars (PI31277, TN1, Taichung 65, reconfirmed to be the most appropriate to assess the growth inhibitory activity of rice on ducksalad and and Rexmont) on the root growth of lettuce and ducksalad is shown in Fig. 4 . The correlation coefficient belettuce.
The results of this study showed that the root extracts tween the inhibitory effects of water soluble extracts was 0.91 with the leaf extract, 0.58 with the stem extract, of rice were less effective than other extracts although some plants are known to release allelochemicals from and 0.24 with the root extract, respectively.
To identify allelopathic cultivars, 100 cultivars from their roots. In oat, the allelopathic effects against crunchweed [Brassica kaber (DC.) L.C. Wheeler var. the rice germplasm collection were evaluated using leaf extracts from rice plants at the six-leaf stage and lettuce pinnatifida] of several accessions appeared to be associated with the relative amount of scopoletin that was as a test plant. The results showed a wide range of variation in the inhibitory effect of rice (Fig. 5) . The exuded from the roots (Fay and Duke, 1977) . A weak association of the effect of the root extract with the most inhibitory cultivar reduced the root elongation of lettuce by 96%, and the least inhibitory cultivar reduced allopathic effect in the field can be explained by an immediate release after translocation from the leaves. it by 39% compared with the control. PI312777 and Rexmont showed an inhibitory effect of 90 and 69%, reAnother possibility is that rice allelochemicals are not released from roots but are leached directly from the spectively.
leaves. Numerous allelopathic compounds have been identified in the rainfall leachate of several plant species.
DISCUSSION
For example, an a-napthol derivative and scopoletin This study focused on establishing an improved biohave been identified in the leachate of sunflower (Heliassay using water soluble extracts of rice and on choosanthus annuus L.) (Wilson and Rice, 1984) . ing parental cultivars or lines for a QTL analysis.
Cultivars with a higher allelopathic potential than Leaf extract from plants at the six-leaf stage made it PI312777 were found from the 100 that were screened. possible to detect the difference between PI312777 and These cultivars may be candidates for a genetic analysis Rexmont in terms of their weed suppressive effect in of the allelopathic effect of rice and may be beneficial the field. The varietal differences among the 10 rice breeding lines in a practical utilization of allelopathy. cultivars that were observed confirmed that leaf extracts There is no significant difference between local and can be used to assess the growth inhibitory effect. This improved cultivars. It seems that the allelopathic effect bioassay with water soluble extracts and lettuce as a has not been under natural and artificial selection prestest plant was easier than the field test for an allelopathic sure, and this character does not conflict with agroeffect, which needs several years of replication. nomic features. A uniformity of seed quality, easy handling, and a
With the method refereed in this study, a QTL analyhigh sensitivity to allelopathic compounds are required sis of the allelopathic activity of rice will be undertaken. for a test plant to assess allelopathic activity. Lettuce This information would be useful for a breeding prohas often been used as a test plant. A correlation begram to improve the allelopathic activity of rice cutivars. tween the allelopathic activity to ducksalad in the field and to lettuce was found in an experiment with water REFERENCES soluble extracts (Okuno et al., 1997 2). Leaf extract from plants at the six-leaf stage was
